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Valve  operating  mechanism  for  internal  combustion  engine. 

©  A  valve  operating  mechanism  for  operating  a 

^_  plurality  of  valves  (1a,  1b)  of  an  internal  combination 
^engine  includes  a  camshaft  (2)  rotatable  in  synchro- 

nism  with  rotation  of  the  internal  combustion  engine 
Eland  having  an  array  of  three  cams  (3,4,5)  including  a 
IXi  high-speed  cam  (5)  positioned  at  one  end  of  the 

array.  Three  cam  followers  (8,7,9)  are  held  in  sliding 
^contact  with  the  cams,  respectively,  for  operating  the 
{^valves  according  to  cam  profiles  of  the  cams.  The 
^ c a m   followers  are  selectively  interconnected  and  dis- 

connected  to  operate  the  valves  at  different  valve 
0-  timings  in  different  speed  ranges  of  the  internal 
™"  combustion  engine.  The  speed  ranges  include  a 

high-speed  range  in  which  all  of  the  valves  are 

controlled  by  the  cam  profile  of  the  high-speed  cam. 
The  three  cams  may  include  low-and  medium-speed 
cams,  or  two  identical  or  different  low-speed  cams, 
in  addition  to  the  high-speed  cam.  These  cams  may 
be  differently  arranged  in  the  array,  and  the  cam 
followers  include  those  which  slidably  engage  one  or 
two  of  the  cams  for  operating  the  valves.  The  valves 
are  operated  selectively  in  low-and  high-speed 
ranges,  or  in  low-,  medium-,  and  high-speed  ranges, 
with  different  combinations  of  the  cams. 
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The  present  invention  relates  to  a  valve  operat- 
ing  mechanism  for  an  internal  combustion  engine, 
including  a  camshaft  rotatable  in  synchronism  with 
the  rotation  of  the  internal  combustion  engine  and 
having  integral  cams  for  operating  a  pair  of  intake 
or  exhaust  valves,  and  rocker  arms  or  cam  follow- 
ers  angularly  movably  supported  on  a  rocker  shaft 
for  opening  and  closing  the  intake  or  exhaust 
valves  in  response  to  rotation  of  the  cams. 

Valve  operating  mechanisms  used  in  internal 
combusiton  engines  are  generally  designed  to 
meet  requirements  for  high-speed  operation  of  the 
engines.  The  valve  diameter  and  valve  lift  are  se- 
lected  to  efficiently  introduce  an  air-fuel  mixture 
required  to  produce  maximum  engine  power  in  a 
certain  engine  speed  range. 

If  an  intake  valve  is  actuated  at  constant  valve 
timing  and  valve  lift  throughout  a  full  engine  speed' 
range  from  low  to  high  speeds,  then  the  speed  of 
flow  of  an  air-fuel  mixture  into  the  combustion 
chamber  varies  from  engine  speed  to  engine 
speed  since  the  amount  of  air-fuel  mixture  varies 
from  engine  speed  to  engine  speed.  At  low  engine 
speeds,  the  speed  of  flow  of  the  air-fuel  mixture  is 
lowered  and  the  air-fuel  mixture  is  subject  to  less 
turbulence  in  the  combusion  chamber,  resulting  in 
slow  combustion  therein.  Therefore,  the  combus- 
tion  efficiency  is  reduced  and  so  is  the  fuel  econo- 
my,  and  the  knocking  prevention  margin  is  lowered 
due  to  the  slow  combustion. 

One  solution  to  the  above  problems  is  dis- 
closed  in  Japanese  Laid-Open  Patent  Publication 
No.  59(1984)-226216.  According  to  the  disclosed 
arrangement,  some  of  the  intake  or  exhaust  valves 
remain  closed  when  the  engine  operates  at  a  low 
speed,  whereas  all  of  the  intake  or  exhaust  valves 
are  operated,  i.e.,  alternately  opened  and  closed, 
during  high-speed  operation  of  the  engine.  There- 
fore,  the  valves  are  controlled  differently  in  low-and 
high-speed  ranges.  However,  if  the  valve  control 
were  effected  in  different  modes  in  more  speed 
ranges,  the  engine  output  power  would  be  in- 
creased  and  the  fuel  economy  would  be  improved. 

It  is  an  object  of  the  present  invention  to  pro- 
vide  a  valve  operating  mechanism  for  an  internal 
combustion  engine,  which  controls  valves  in  var- 
ious  different  speed  ragnes  for  increased  engine 
power  and  fuel  economy. 

According  to  the  present  invention,  there  is 
provided  a  valve  operating  mechanism  for  operat- 
ing  a  plurality  of  valves  of  an  internal  combustion 
engine,  comprising  a  camshaft  rotatable  in  sych- 
ronism  with  rotation  of  the  internal  combustion  en- 
gine  and  having  an  array  of  three  cams  including  a 
high-speed  cam  positioned  at  one  end  of  the  array, 
three  cam  followers  held  in  sliding  contact  with  said 
cams,  respectively,  for  operating  the  valves  accord- 
ing  to  cam  profiles  of  said  cams,  and  means  for 

selectively  interconnecting  and  disconnecting  said 
cam  followers  to  perate  the  valves  at  different  valve 
timings  in  different  speed  ranges  of  the  internal 
combustion  engine,  said  speed  ranges  including  a 

5  high-speed  range  in  which  all  of  the  valves  are 
controlled  by  the  cam  profile  of  said  high-speed 
cam. 

The  three  cams  may  include  low-and  medium- 
speed  cams,  or  two  identical  or  different  low-speed 

to  cams,  in  addition  to  the  high  -speed  cam.  These 
cams  may  be  differently  arranged  in  the  array,  and 
the  cam  followers  include  those  which  slidably.  en- 
gage  one  or  two  of  the  cams  for  operating  the 
valves.  The  valves  are  operated  selectively  in  low- 

r5  and  high-speed  ranges,  or  in  low-,  medium-,  and 
high-speed  ranges,  with  different  combinations  of 
the  cams. 

Some  embodiments  of  the  invention-  will  now 
be  described  by  way  of  example  and  with  refer- 

20  ence  to  the  accompanying  drawings,  in  which:- 
FIG.  1  is  a  vertical  cross-sectional  view  of  a 

valve  operating  mechanism  according  to  an  em- 
bodiment  of  the  present  invention,  the  view  being 
taken  along  line  I  -  I  of  FIG.  2; 

25  FIG.  2  is  a  plan  view  of  the  valve  operating 
mechanism  shown  in  FIG.  1; 

FIG.  3  is  a  cross-sectional  view  taken  along 
line  III  -  III  of  FIG.  2; 

FIG.  4  is  a  cross-sectional  view  taken  along 
30  line  IV  -  IV  of  FIG.  1,  showing  first  to  third  cam 

followers  disconnected  from  each  other; 
FIG.  5  is  a  cross-sectional  view  similar  to 

FIG.  4,  showing  the  first  and  second  cam  followers 
connected  to  each  other; 

35  FIG.  6  is  a  cross-sectional  view  similar  to 
FIG.  4,  showing  the  first  to  third  cam  followers 
connected  to  each  other; 

FIG.  7  is  a  cross-sectional  view  of  a  selective 
coupling  according  to  another  embodiment  of  the 

40  present  invention,  showing  first  to  third  cam  follow- 
ers  disconnected  from  each  other; 

FIG.  8  is  a  cross-sectional  view  similar  to 
FIG.  7,  illustrating  the  first  to  third  cam  followers 
interconnected;  and 

45  FIGS.  9  through  17  are  views  of  valve  op- 
erating  mechanisms  according  to  other  embodi- 
ments  of  the  present  invention. 

FIGS.  1  and  2  show  a  valve  operating  mecha- 
nism  according  to  an  embodiment  of  the  present 

so  invention.  The  valve  operating  mechanism  is  incor- 
porated  in  an  internal  combustion  engine  including 
a  pair  of  intake  valves  1a,  1b  in  each  engine 
cylinder  for  introducing  an  air-fuel  mixture  into  a 
combustion  chamber  defined  in  an  engine  body. 

55  The  vale  operating  mechanism  comprises  a 
camshaft  2  rotatable  in  synchronism  with  rotation  of 
the  engine  at  a  speed  ratio  of  12  with  respect  to 
the  speed  of  rotation  of  the  engine.  The  camshaft  2 
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19  is  disposed  in  abutment  against  a  lower  surface 
of  the  first  cam  follower  7.  The  lifter  19  is  normally 
urged  upwardly  by  a  compression  spring  20  of 
relatively  weak  resiliency  interposed  between  the 

5  lifter  19  and  the  engine  body  for  resiliency  biasing 
the  cam  slipper  7a  of  the  first  cam  follower  7 
slidably  against  the  medium-speed  cam  4. 

As  illustrated  in  FIG.  4,  the  first  and  second 
cam  followers  7,  8  have  confronting  side  walls  held 

w  in  sliding  contact  with  each  other.  A  first  selective 
coupling  21  is  operatively  disposed  in  and  between 
the  first  and  second  cam  followers  7,  8  for  selec- 
tively  disconnecting  the  cam  followers  7,  8  from 
each  other  for  relative  displacement  and  also  for 

rs  interconnecting  the  cam  followers  7,  8  for  their 
movement  in  unison.  Likewise,  the  first  and  third 
cam  followers  7,  9  have  confronting  side  walls  held 
in  sliding  contact  with  each  other.  A  second  selec- 
tive  coupling  22  is  operatively  disposed  in  and 

20  between  the  first  and  third  cam  followers  7,  9  for 
selectively  disconnecting  the  cam  followers  7,  9 
from  each  other  for  relative  displacement  and  also 
for  interconnecting  the  cam  followers  7,  9  for  their 
movement  in  unison. 

25  The  first  and  second  selective  couplings  21  ,  22 
are  of  an  identical  construction,  and  hence  only  the 
first  selective  coupling  21  will  hereinafter  be  de- 
scribed  in  detail. 

The  first  selective  coupling  21  comprises  a 
30  piston  23  movable  between  a  position  in  which  it 

interconnects  the  first  and  second  cam  followers  7, 
8  and  a  position  in  which  it  disconnects  the  first 
and  second  cam  followers  7,  8  from  each  other,  a 
circular  stopper  24  for  limiting  the  movement  of  the 

35  piston  23,  and  a  coil  spring  25  for  urging  the 
stopper  24  to  move  the  piston  23  toward  the  posi- 
tion  to  disconnect  the  first  and  second  cam  follow- 
ers  7,  8  from  each  other. 

The  first  cam  follower  7  has  a  first  guide  hole 
40  26  opening  toward  the  second  cam  follower  8  and 

extending  parallel  to  the  rocker  shaft  6.  The  first 
cam  follower  7  also  has  a  smaller-diameter  hole  28 
near  the  closed  end  of  the  first  guide  hole  26,  with 
a  step  or  shoulder  27  being  defined  between  the 

45  smaller-diameter  hole  28  and  the  first  guide  hole 
26.  The  piston  23  is  slidably  fitted  in  the  first  guide 
hole  26.  The  piston  23  and  the  closed  end  of  the 
smaller-diameter  hole  28  define  therebetween  a 
hydraulic  pressure  chamber  29. 

so  The  first  cam  follower  7  has  a  hydraulic  pas- 
sage  30  defined  therein  in  communication  with  the 
hydraulic  pressure  chamber  29.  The  rocker  shaft  6 
has  a  hydraulic  passage  31  defined  axially  therein 
and  coupled  to  a  source  (not  shown)  of  hydraulic 

55  pressure  through  a  suitable  hydraulic  pressure  con- 
trol  mechanism.  The  hydraulic  passages  30,  31  are 
held  in  communication  with  each  other  through  a 
hole  32  defined  in  a  side  wall  of  the  rocker  shaft  6. 

has  an  array  of  a  low-speed  cam  3,  a  medium- 
speed  cam  4,  and  a  high-speed  cam  5  which  are 
integrally  disposed  on  the  circumference  of  the 
camshaft  2.  The  valve  operating  mechanism  also 
has  a  rocker  shaft  6  extending  parallel  to  the  cam- 
shaft  2,  and  first  to  third  rocker  arms  or  cam 
followers  7,  8,  9  angularly  movably  supported  on 
the  rocker  shaft  6  and  held  against  the  medium- 
speed  cam  4,  the  low-speed  cam  3,  and  the  high- 
speed  cam  5,  respectively  on  the  camshaft  2.  The 
intake  valves  1  a,  1  b  are  selectively  operated  by  the 
first  through  third  cam  followers  7,  8,  9  actuated  by 
the  low-,  medium-and  high-speed  cams  3,  4,  5. 

The  camshaft  2  is  rotatably  disposed  above  the 
engine  body.  The  medium-speed  cam  4  is  dis- 
posed  in  a  position  corresponding  to  an  intermedi- 
ate  position  between  the  intake  valves  1a,  1b,  as 
viewed  in  FIG.  2.  The  low-speed  cam  3  and  the 
high-speed  cam  5  are  disposed  one  on  each  side 
of  the  medium-speed  cam  4.  Stated  otherwise,  the 
high-speed  cam  5  is  positioned  at  one  end  of  the 
cam  array.  The  low-speed  cam  3  has  a  cam  lobe 
3a  projecting  radially  outwardly  from  its  base  circle, 
and  the  medium-speed  cam  5  has  a  cam  lobe  4a 
projecting  radially  outwardly  from  its  base  circle  to 
a  greater  extent  than  the  cam  lobe  3a,  with  the 
cam  lobe  4a  also  having  a  larger  angular  extent 
than  the  cam  lobe  3a.  The  high-speed  cam  5  has  a 
cam  lobe  5a  projecting  radially  outwardly  from  its 
base  circle  to  a  greater  extent  than  the  cam  lobe 
4a,  with  the  cam  lobe  5a  also  having  a  larger 
angular  extent  than  the  cam  lobe  4a. 

The  rocker  shaft  6  is  fixed  below  the  camshaft 
2.  The  first  cam  follower  7  pivotally  supported  on 
the  rocker  shaft  6  is  aligned  with  the  medium- 
speed  cam  4,  the  second  cam  follower  8  pivotally 
supported  on  the  rocker  shaft  6  is  aligned  with  the 
low-speed  cam  3,  and  the  third  cam  follower  9 
pivotally  supported  on  the  rocker  shaft  6  is  aligned 
with  the  high-speed  cam  5.  The  cam  followers  7,  8, 
9  have  on  their  upper  surfaces  cam  slippers  7a,  8a, 
9a,  respectively,  held  in  sliding  contact  with  the 
cams  4,  3,  5,  respectively.  The  second  and  third 
cam  followers  8,  9  have  distal  ends  positioned 
above  the  intake  valves  1a,  1b,  respectively.  Tap- 
pet  screws  12,  13  are  threaded  through  the  distal 
ends  of  the  second  and  third  cam  followers  8,  9 
and  have  tips  engagable  respectively  with  the  up- 
per  ends  of  the  valve  stems  of  the  intake  valves  1  a, 
1b. 

Flanges  14,  15  are  attached  to  the  upper  ends 
of  the  valve  stems  of  the  intake  valves  1a,  1b.  The 
intake  valves  1a,  1b  are  normally  urged  to  close 
the  intake  ports  by  compression  coil  springs  16,  17 
disposed  under  compression  around  the  valve 
stems  between  the  flanges  14.  15  and  the  engine 
body. 

As  shown  in  FIG.  3,  a  bottomed  cylindrical  lifter 
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cam  followers  7,  8,  9  are  held  in  mutally  sliding 
contact  for  relative  angular  movement. 

With  the  first  to  third  cam  followers  7,  8,  9 
being  thus  disconnected,  the  second  and  third  cam 

5  followers  8,  9  are  not  affected  by  the  angular 
movement  of  the  first  cam  follower  7  in  sliding 
contact  with  the  medium-speed  cam  4.  The  second 
cam  follower  8  is  angularly  moved  in  sliding  con- 
tact  with  the  low-speed  cam  3,  whereas  the  third 

io  cam  follower  9  is  angularly  moved  in  sliding  con- 
tact  with  the  high-speed  cam  5.  Therefore,  the 
intake  valve  1a  is  alternately  opened  and  closed  by 
the  second  cam  follower  8,  and  the  other  intake 
valve  1b  is  alternately  opened  and  closed  by  the 

75  third  cam  follower  9.  Any  frictional  loss  of  the  valve 
operating  mechanism  is  relatively  low  because  the 
first  cam  follower  7  is  held  in  sliding  contact  with 
the  medium-speed  cam  4  under  the  relatively  small 
resilient  force  of  the  spring  20. 

20  During  low-speed  operation  of  the  engine, 
therefore,  the  intake  valve  1a  alternately  opens  and 
closes  the  intake  port  at  the  valve  timing  and  valve 
lift  according  to  the  profile  of  the  low-speed  cam  3, 
whereas  the  other  intake  valve  1  b  alternately  opens 

25  and  closes  the  intake  port  at  the  valve  timing  and 
valve  lift  according  to  the  profile  of  the  high-speed 
cam  5.  Accordingly,  the  air-fuel  mixture  flows  into 
the  combustion  chamber  at  a  rate  suitable  for  the 
low-speed  operation  of  the  engine,  resulting  in  im- 

30  proved  fuel  economy  and  prevention  of  knocking. 
Since  the  low-and  high-speed  cams  3,  5  have 
different  cam  profiles,  the  turbulence  of  the  air-fuel 
mixture  in  the  combustion  chamber  is  increased  to 
improve  fuel  economy.  Inasmuch  as  the  intake 

35  valves  1a,  1b  are  operated  at  all  times,  no  carbon 
will  be  deposited  between  the  intake  valves  1a,  1b 
and  their  valve  seats,  and  no  fuel  will  be  accu- 
mulated  on  the  intake  valves  1a,  1b. 

For  medium-speed  operation  of  the  engine,  the 
40  first  and  second  cam  followers  7,  8  are  intercon- 

nected  by  the  first  selective  coupling  21,  with  the 
first  and  third  cam  followers  7,  9  remaining  discon- 
nected  from  each  other,  as  shown  in  FIG.  5.  More 
specifically,  the  hydraulic  pressure  chamber  29  of 

45  the  first  selective  coupling  21  is  supplied  with  hy- 
draulic  pressure  to  cause  the  piston  23  to  push  the 
stopper  24  into  the  second  guide  hole  35  against 
the  resiliency  of  the  spring  25  until  the  stopper  24 
engages  the  step  36.  The  first  and  second  cam 

so  followers  7,  8  are  now  connected  to  each  other  for 
angular  movement  in  unison. 

Therefore,  the  intake  valve  1a  alternately  opens 
and  closes  the  intake  port  at  the  valve  timing  and 
valve  lift  according  to  the  profile  of  the  medium- 

55  speed  cam  4,  whereas  the  other  intake  valve  1b 
alternately  opens  and  closes  the  intake  port  at  the 
valve  timing  and  valve  lift  according  to  the  profile 
of  the  high-speed  cam  5.  The  air-fuel  mixture  now 

irrespective  of  how  the  first  cam  follower  7  is 
angularly  moved  about  the  rocker  shaft  6. 

The  second  cam  follower  8  has  a  second  guide 
hole  35  opening  toward  the  first  cam  follower  7  in 
registration  with  the  first  guide  hole  26  in  the  first 
cam  follower  7.  The  circular  stopper  24  is  slidably 
fitted  in  the  second  guide  hole  35.  The  second  cam 
follower  8  also  has  a  smaller-diameter  hole  37  near 
the  closed  end  of  the  second  guide  hole  35,  with  a 
step  or  shoulder  36  defined  between  the  second 
guide  hole  35  and  the  smaller-diameter  hole  37  for 
limiting  movement  of  the  circular  stopper  24.  The 
second  cam  follower  8  also  has  a  through  hole  38 
defined  coaxially  with  the  smaller-diameter  hole  37. 
A  guide  rod  39  joined  integrally  and  coaxially  to  the 
circular  stopper  24  extends  through  the  hole  38. 
The  coil  spring  25  is  disposed  around  the  guide 
rod  39  between  the  stopper  24  and  the  closed  end 
of  the  smaller-diameter  hole  37. 

The  piston  23  has  an  axial  length  selected 
such  that  when  one  end  of  the  piston  23  abuts 
against  the  step  27,  the  other  end  thereof  is  posi- 
tioned  just  between  and  hecne  lies  flush  with  the 
sliding  side  walls  of  the  first  and  second  cam 
followers  7,8  and  when  the  piston  23  is  moved  into 
the  second  guide  hole  35  until  it  displaces  the 
stopper  24  into  abutment  against  the  step  36,  said 
one  end  of  the  piston  23  remains  in  the  first  guide 
hole  26  and  hecne  the  piston  23  extends  between 
the  first  and  second  cam  followers  7,  8. 

The  hydraulic  passages  31  communicating  with 
the  first  and  second  selective  couplings  21  ,  22  are 
isolated  from  each  other  by  a  steel  ball  33  forcibly 
fitted  and  fixedly  positioned  in  the  rocker  shaft  6. 
Therefore,  the  first  and  second  selective  couplings 
21  ,  22  are  operable  under  hyrdraulic  pressure  in- 
dependently  of  each  other. 

Operation  of  the  valve  operating  mechanism 
will  be  described  with  reference  to  FIGS.  4  to  6. 
When  the  engine  is  to  operate  in  a  low-speed 
range,  the  first  and  second  selective  couplings  21, 
22  are  actuated  to  disconnect  the  first  to  third  cam 
followers  7,  8,  9  from  each  other  as  illustrated  in 
FIG.  4.  More  specifically,  the  hydraulic  pressure  is 
released  by  the  hydraulic  pressure  control  mecha- 
nism  from  the  hydraulic  pressure  chamber  29,  thus 
allowing  the  stopper  24  to  move  toward  the  first 
cam  follower  7  under  the  resilicency  of  the  spring 
25  until  the  piston  23  abuts  against  the  step  27. 
When  the  piston  23  engages  the  step  27,  the 
mutually  contacting  ends  of  the  piston  23  and  the 
stopper  24  of  the  first  selective  coupling  21  lie 
flush  with  the  sliding  side  walls  of  the  first  and 
second  cam  followers  7,  8.  Likewise,  the  mutually 
contacting  ends  of  the  piston  23  and  the  stopper 
24  of  the  second  selective  coupling  22  lie  flush 
with  the  sliding  side  walls  of  the  first  and  third  cam 
followers  7,  9.  Thus,  the  first,  second,  and  third 
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shaft  6  has  a  hydraulic  passage  31  defined  axially 
'  therein  and  coupled  to  a  source  (not  shown)  of 
hydraulic  pressure  through  a  suitable  hydraulic 
pressure  control  mechanism.  The  hydraulic  pas- 

5  sages  30,  31  are  held  in  communication  with  each 
other  through  a  hole  32  defined  in  a  side  wall  of 
the  rocker  shaft  6,  irrespective  of  how  the  second 
cam  follower  8  is  angularly  moved  about  the  rocker 
shaft  6. 

w  The  first  piston  23  has  has  an  axial  length 
selected  such  that  when  one  end  of  the  first  piston 
23  abuts  against  the  step  27,  the  other  end  thereof 
is  positioned  just  between  and  hence  lies  flush  with 
the  sliding  walls  of  the  first  and  second  cam  follow- 

rs  ers  7,  8  without  projecting  from  the  side  wall  of  the 
second  cam  follower  8  toward  the  first  cam  follower 
7.  The  first  piston  23  is  normally  urged  toward  the 
first  cam  follower  7  under  the  resiliency  of  a  coil 
spring  33  disposed  in  the  hydraulic  pressure  cham- 

20  ber  29  and  acting  between  the  first  piston  23  and 
the  closed  bottom  of  the  smaller-diameter  hole  28. 
The  resilient  force  of  the  spring  33  set  under  com- 
pression  in  the  hydraulic  pressure  chamber  29  is 
selected  to  be  smaller  than  that  of  the  spring  25 

25  set  in  place  under  compression. 
The  first  cam  follower  7  has  a  guide  hole  34 

defined  thereacross  and  extending  between  the 
opposite  sides  thereof  in  registration  with  the  first 
guide  hole  26  in  the  second  cam  follower  8.  The 

30  second  piston  23'  is  slidably  fitted  in  the  guid  hole 
34,  the  second  piston  23'  having  a  length  equal  to 
the  full  length  of  the  guide  hole  34.  The  second 
piston  23'  has  an  outside  diameter  equal  to  that  of 
the  first  piston  23. 

35  The  third  cam  follower  9  has  a  second  guide 
hole  35  opening  toward  the  first  cam  follower  7  in 
registration  with  the  guide  hole  34.  The  circular 
stopper  24  is  slidably  fitted  in  the  second  guide 
hole  35.  The  third  cam  follower  9  also  has  a 

40  smaller-diameter  hole  37  near  the  closed  end  of 
the  second  guide  hole  35,  with  a  step  or  shoulder 
36  defined  between  the  second  guide  hole  35  and 
the  smaller-diameter  hole  37  for  limiting  movement 
of  the  circular  stopper  24.  The  third  cam  follower  9 

45  also  has  a  smaller-diameter  through  hole  38  de- 
fined  coaxially  with  the  smaller-diameter  hole  37.  A 
guide  rod  39  joined  integrally  and  coaxially  to  the 
circular  stopper  24  extends  through  the  hole  38. 
The  coil  spring  25  is  disposed  around  the  guide 

so  rod  39  between  the  stopper  24  and  the  closed  end 
of  the  smaller-diameter  hole  37. 

The  selective  coupling  21  shown  in  FIGS.  7 
and  8  operates  as  follows:  When  the  engine  is  to 
operate  in  a  low-speed  range,  no  hydraulic  pres- 

55  sure  is  supplied  to  the  hydraulic  pressure  chamber 
29,  and  the  stopper  24  is  forced  by  the  spring  25 
toward  the  first  cam  follower  7  until  the  first  piston 
23  is  moved  by  the  second  piston  23'  into  abut- 

flows  into  the  combustion  chamber  at  a  rate  suit- 
able  for  the  medium-speed  operation  of  the  engine, 
resulting  in  greater  turbulence  of  the  air-fuel  mix- 
ture  in  the  combustion  chamber  and  hence  in  im- 
proved  fuel  economy. 

When  the  engine  is  to  operate  at  a  high  speed, 
the  first  and  third  cam  followers  7,  9  are  intercon- 
nected  by  the  second  selective  coupling  22,  as 
shown  in  FIG.  6,  by  supplying  hydraulic  pressure 
into  the  hydraulic-pressure  chamber  29  of  the  sec- 
ond  selective  coupling  22.  Inasmuch  as  the  first 
and  second  cam  followers  7,  8  remain  connected 
by  the  first  selective  coupling  21  at  this  time,  the 
cam  followers  7,  8,  9  are  caused  to  pivot  by  the 
high-speed  cam  5.  As  a  consequence,  the  intake 
valves  1a,  1b  alternately  open  and  close  the  re- 
spective  intake  ports  at  the  valve  timing  and  valve 
lift  according  to  the  profile  of  the  high-speed  cam 
5.  The  intake  efficiency  is  increased  to  enable  the 
engine  to  produce  higher  output  power  and  torque. 

FIGS.  7  and  8  illustrate  a  selective  coupling 
according  to  another  embodiment.  As  shown  in 
FIG.  7,  the  first,  second,  and  third  cam  followers  7, 
8,  9  have  confronting  side  walls  held  in  mutual 
sliding  contact.  A  selective  coupling  21  is  oper- 
atively  disposed  in  and  between  the  first  to  third 
cam  followers  7,  8,  9  for  selectively  disconnecting 
the  cam  followers  7,  8,  9  from  each  other  for 
relative  displacement  and  also  for  interconnecting 
the  cam  followers  7,  8,  9  for  their  angular  move- 
ment  in  unison. 

The  selective  coupling  21  comprises  a  first 
piston  23  movable  between  a  position  in  which  it 
interconnects  the  first  and  second  cam  followers  7, 
8  and  a  position  in  which  it  disconnects  the  first 
and  second  cam  followers  7,  8  from  each  other,  a 
second  piston  23'  movable  between  a  position  in 
which  it  interconnects  the  first  and  third  cam  follow- 
ers  7,  9  and  a  position  disconnecting  them  from 
each  other,  a  circular  stopper  24  for  limiting  the 
movement  of  the  first  and  second  pistons  23,  23' 
toward  their  positions  to  connect  the  first  and  sec- 
ond  cam  followers  7,  8  to  each  other  and  the  first 
and  third  cam  followers  7,  9  to  each  other. 

The  second  cam  follower  8  has  a  first  guide 
hole  26  opening  toward  the  first  cam  follower  7  and 
extending  parallel  to  the  rocker  shaft  6.  The  second 
cam  follower  8  also  has  a  smaller-diameter  hole  28 
near  the  closed  end  of  the  first  guide  hole  26,  with 
a  step  or  shoulder  27  being  defined  between  the 
smaller-diameter  hole  28  and  the  first  guide  hole 
26.  The  first  piston  23  is  slidably  fitted  in  the  first 
guide  hole  26.  The  first  piston  23  and  the  closed 
end  of  the  smaller-diameter  hole  28  define  there- 
between  a  hydraulic  pressure  chamber  29. 

The  second  cam  follower  8  has  a  hydraulic 
passage  30  defined  therein  in  communication  with 
the  hydraulic  pressure  chamber  29.  The  rocker 
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merit  against  the  step  '27.  At  this  time,  the  mutually 
contacting  ends  of  the  first  and  second  pistons  23, 
23'  lie  flush  with  the  confronting  sliding  aide  sur- 
faces  of  the  first  and  second  cam  followers  7,  8, 
and  the  mutually  contacting  ends  of  the  second 
piston  23'  and  the  stopper  24  lie  flush  with  the 
confronting  sliding  side  surfaces  of  the  first  and 
thid  cam  followers  7,  9  as  shown  in  FIG.  7.  There- 
fore,  the  first  to  third  cam  followers  7,  8,  9  are 
relatively  angularly  movable  while  the  first  and  sec- 
ond  pistons  23,  23'  and  the  second  piston  23'  and 
the  stopper  24  are  in  sliding  contact  with  each 
other. 

When  the  camshaft  2  is  rotated  about  its  axis 
with  the  first  to  third  cam  followers  7,  8,  9  being 
thus  disconnected  by  the  selective  coupling  21,  the 
second  cam  follower  8  is  angularly  moved  in  slid- 
ing  contact  with  the  low-speed  cam  3  (FIG.  2), 
whereas  the  third  cam  follower  9  is  angularly 
moved  in  sliding  contact  with  the  high-speed  cam 
5.  Therefore,  the  intake  valves  1a,  1b  are  caused 
by  the  low-and  high-speed  cams  3,  5  to  alternately 
open  and  close  the  respective  intake  ports.  The 
angular  movement  of  the  first  cam  follower  7  in 
sliding  contact  with  the  medium  speed  cam  4  does 
not  affect  operation  of  the  intake  valves  1a,  1b  in 
any  way. 

During  low-speed  operation  of  the  engine, 
therefore,  the  intake  valve  la  alternately  opens  and 
closes  the  intake  port  at  the  valve  timing  and  valve 
lift  according  to  the  profile  of  the  low-speed  cam  3, 
whereas  the  intake  valve  1b  alternately  opens  and 
closes  the  intake  port  at  the  valve  timing  and  valve 
lift  according  to  the  profile  of  the  high-speed  cam 
5.  Accordingly,  the  air-fuel  mixture  flows  into  the 
combustion  chamber  at  a  rate  suitable  for  the  low- 
speed  operation  of  the  engine,  resulting  in  im- 
proved  fuel  economy  and  prevention  of  knocking. 
Since  the  cam  profiles  of  the  low-and  high-speed 
cams  3.  5  are  different  from  each  other,  the  turbu- 
lence  of  the  air-fuel  mixture  as  it  is  supplied  into 
the  combustion  chamber  is  increased  for  better 
fuel  economy.  Furthermore,  inasmuch  as  both  of 
the  intake  valves  1a,  1b  are  operated,  no  carbon 
will  be  deposited  between  the  intake  valves  1a,  1b 
and  their  valve  seats,  and  no  reduction  in  the 
sealing  capability  between  the  intake  valves  1a,  1b 
and  their  valve  seats  will  be  encountered.  In  addi- 
tion,  no  fuel  will  be  accumulated  on  the  intake 
valves  1a,  1b. 

For  high-speed  operation  of  the  engine,  the 
hydraulic  pressure  is  supplied  to  the  hydraulic 
pressure  chamber  29  to  move  the  first  piston  23 
toward  the  first  cam  follower  7  against  the  resil- 
iency  of  the  spring  25,  thereby  displacing  the  sec- 
ond  piston  23'  toward  the  third  cam  follower  9.  As  a 
result,  the  first  and  second  pistons  23.  23'  are 
moved  until  the  stopper  24  abuts  against  the  step 

36,  as  illustrated  in  FIG.  8.  Consequently,  the  first 
and  second  cam  followers  7,  8  are  interconnected 
by  the  first  piston  23  positioned  therebetween,  and 
the  first  and  third  cam  followers  7,  9  are  intercon- 

5  nected  by  the  second  piston  23'  positioned  there- 
between. 

The  first  and  second  cam  followers  7,  8  are 
now  caused  to  pivot  in  unison  with  the  third  cam 
follower  9  since  the  third  cam  follower  9  is  an- 

w  gularly  moved  to  the  greatest  angular  extent  in 
sliding  contact  with  the  high-speed  cam  5  (FIG.  2). 
The  intake  valves  1  a,  1  b  alternately  open  and  close 
the  respective  intake  ports  at  the  valve  timing  and 
valve  lift  according  to  the  cam  profile  of  the  high- 

75  speed  cam  5,  so  that  the  engine  output  power  can 
be  increased. 

FIG.  9  shows  another  embodiment  of  the 
present  invention  which  employs  the  selective  cou- 
pling  embodiment  of  FIGS.  4  to  6.  The  medium- 

20  speed  cam  4  is  disposed'  between  the  low-and 
high-speed  cams  3,  5.  The  intake  valves  1a,  1b  are 
engaged  by  the  first  and  third  cam  followers  7,  9, 
respectively,  which  are  held  in  sliding  contact  with 
the  medium-and  low-speed  cams  4,  3  respectively. 

25  The  second  cam  follower  8  slidingly  contacts  the 
high-speed  cam  5.  In  the  low-speed  range,  the  first 
to  third  cam  followers  7,  8,  9  are  disconnected 
from  each  other,  and  the  intake  valves  1a,  1b  are 
operated  at  the  valve  timwng  and  valve  lift  according 

30  to  the  profiles  of  the  medium-and  low-speed  cams 
4,  3,  respectively.  In  the  medium-speed  range,  the 
first  and  second  cam  followers  7,  8  are  in  intercon- 
nected  with  the  first  and  third  cam  followers  7,  9 
disconnected,  and  the  intake  valves  1a,  1b  are 

35  operated  at  the  valve  timing  and  valve  lift  according 
to  the  profiles  of  the  high-and  low-speed  cams  5,  3, 
respectively.  In  the  high-speed  range,  the  first  to 
third  cam  followers  7,  8,  9  are  interconnected,  and 
the  intake  valves  1a,  1b  are  operated  at  the  valve 

40  timing  and  valve  lift  according  to  the  profile  of  the 
high-speed  cam  5. 

According  to  still  another  embodiment  shown  in 
FIG.  10,  the  low-speed  cam  3  is  disposed  between 
the  medium-and  high-speed  cams  4,  5.  The  intake 

45  valves  1a,  1b  are  engaged  by  the  first  and  third 
cam  followers  7,  9,  respectively,  which  are  held  in 
sliding  contact  with  the  low-and  medium-speed 
cams  3,  4,  respectively.  The  second  cam  follower  8 
slidingly  contacts  the  high-speed  cam  5.  The  em- 

50  bodiment  of  FIG  10  also  employs  the  selective 
coupling  embodiment  of  FIGS  4  to  5.  In  the  low- 
speed  range,  the  intake  valves  1  a,  1  b  are  operated 
at  the  valve  timing  and  valve  lift  according  to  the 
profiles  of  the  low-and  medium-speed  cams,  whilst 

55  in  the  medium-speed  range,  the  intake  valves  1a, 
1b  are  operated  at  the  valve  timing  and  valve  lift 
according  to  the  profiles  of  the  high-and  medium- 
speed  cams  5,  4,  respectively.  In  the  high-speed 
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According  to  a  still  further  embodiment  shown 
in  FIG.  15,  two  adjacent  identical  low-speed  cam  3 
are  mounted  on  the  camshaft  2  and  the  high-speed 
cam  5  is  disposed  at  an  end  of  the  cam  array.  The 

5  first  and  second  cam  followers  7,  8  are  held  in 
sliding  contact  with  one  of  the  low-speed  cams  3 
and  the  high-speed  cam  5,  respectively,  and  the 
third  cam  follower  9  is  held  in  sliding  contact  with 
the  other  low-speed  cam  3.  The  intake  valves  1a, 

w  1b  are  engaged  by  the  first  and  third  cam  followers 
7,  9,  respectively.  The  intake  valves  1a,  1b  are 
controlled  in  different  speed  ranges  by  the  mecha- 
nism  shown  in  FIGS.  4  to  6  or  FIGS.  7  and  8.  In  the 
low-speed  range,  the  intake  valves  1a,  1b  are  op- 

75  erated  by  the  respective  low-speed  cams  3.  In  the 
medium-speed  range,  the  intake  valves  1a,  1b  are 
operated  by  the  high-and  low-speed  cams  5,  3, 
respectively  if  the  mechanism  of  FIGS.  4  to  6  is 
used.  In  the  high-speed  range,  the  intake  valves  1a, 

20  1  b  are  operated  by  the  high-speed  cam  5. 
FIGS.  16  and  17  show  a  yet  still  further  em- 

bodiment  of  the  present  invention.  The  camshaft  2 
has  first  and  second  low-speed  cams  3,  4  having 
cam  lobes  3a,  4b,  the  cam  lobe  3a  being  larger 

25  than  the  cam  lobe  4a  in  radial  projection.  The  cam 
lobe  5a  of  the  high-speed  cam  5  is  larger  than  the 
cam  lobe  3a  in  radial  projection.  The  second  low- 
speed  cam  4  is  positioned  between  the  first  low- 
speed  cam  3  and  the  high-speed  cam  5.  The  first 

30  and  second  cam  followers  7,  8,  which  engage  the 
intake  valves  1b,  1a,  respectively,  are  held  in  slid- 
ing  contact  with  the  first  and  second  low-speed 
cams  3,  4,  respectively.  The  third  cam  follower  9 
slidingiy  contacts  the  high-speed  cam  5.  The  intake 

35  valves  1a,  1b  are  controlled  in  different  speed 
ranges  by  the  mechanism  shown  in  FIGS.  4  to  6  or 
FIGS.  7  and  8.  In  the  low-speed  range,  the  intake 
valves  1a,  1b  are  operated  by  the  respective  first 
and  second  low-speed  cams  3.  In  the  medium- 

40  speed  range,  the  intake  valves  1a,  1b  are  operast- 
ed  by  the  first  low-speed  cam  3,  if  the  mechanism 
of  FIGS.  4  to  6  is  used.  In  the  high-speed  range, 
the  intake  valves  1a,  1b  are  operated  by  the  high- 
speed  cam  5. 

45  While  the  intake  1a,  1b  are  shown  as  being 
operated  by  each  of  the  valve  operating  mecha- 
nisms,  exhaust  valves  may  also  be  operated  by  the 
valve  operating  mechanisms  according  to  the 
present  inveniton.  In  such  a  case,  unbumed  com- 

50  ponents  due  to  exhaust  gas  turbulence  can  be 
reduced  in  low-speed  operation  of  the  engine, 
whereas  high  engine  output  power  and  torque  can 
be  generated  by  reducing  resistance  to  the  flow  of 
an  exhaust  gas  from  the  combustion  chamber  in 

55  high-speed  operation  of  the  engine. 
It  is  to  be  clearly  understood  that  there  are  no 

particular  features  of  the  foregoing  specification,  or 
of  any  claims  appended  hereto,  which  are  at 

range,  the  intake  valves  1a,  1b  are  operated  at  the 
valve  timing  and  valve  lift  according  to  the  profile 
of  the  high-speed  cam  5. 

In  a  still  further  embodiment  of  FIG.  11,  also 
employing  the  selective  coupling  of  FIGS.  4  to  6, 
the  low-speed  cam  3  is  disposed  between  the 
medium-and  high-speed  cams  4,  5.  The  intake 
valves  1a,  1b  are  engaged  by  the  first  and  third 
cam  followers  7,  9  respectively,  which  are  held  in 
sliding  contact  with  the  low-and  high-speed  cams 
3,  5,  respectively.  The  second  cam  follower  8 
slidingiy  contacts  the  medium-speed  cam  4.  In  the 
low-speed  range,  the  intake  valves  1a,  1b  are  op- 
erated  at  the  valve  timing  and  valve  lift  according 
to  the  profiles  of  the  low-and  high-speed  cams  3,  5, 
respectively.  In  the  medium-speed  range,  the  in- 
take  valves  1a,  1b  are  operated  at  the  valve  timing 
and  valve  lift  according  to  the  profiles  of  the 
medium-and  high-speed  cams  4,  5,  respectively.  In 
the  high-speed  range,  the  intake  valves  1a,  1b  are 
operated  at  the  valve  timing  and  valve  lift  according 
to  the  profile  of  the  high-speed  cam  5. 

FIG.  12  illustrates  another  embodiment  in 
which  the  medium-speed  cam  4  is  disposed  be- 
tween  the  low-and  high-speed  cams  3,  5.  The  first 
and  second  cam  followers  7,  8  are  held  in  sliding 
contact  with  the  medium-and  high-speed  cams  4, 
5,  respectively,  and  the  third  cam  follower  9  which 
engages  both  of  the  intake  valves  1a,  1b  can  be 
controlled  in  two  different  speed  ranges  by  the 
mecahnism  shown  in  FIGS.  7  and  8.  Specifically,  in 
the  low-speed  range,  the  intake  valves  1a,  1b  are 
operated  by  the  low-speed  cam  3,  and,  in  the  high- 
speed  range,  the  intake  valves  1a,  1b  are  operated 
by  the  high-speed  cam  5.  The  intake  valves  1a,  1b 
can  also  be  controlled  in  a  third  speed  range  by 
the  mechanism  of  FIGS.  4  to  6  by  displacing  the 
piston  23  of  the  second  selective  coupling  22  into 
the  third  cam  follower  9  and  keeping  the  piston  23 
of  the  first  selective  coupling  21  within  the  first  cam 
follower  7,  'as  shown  in  FIG.  13,  in  the  medium- 
speed  range. 

In  FIG.  14  which  shows  still  another  embodi- 
ment,  the  low-speed  cam  3  is  disposed  between 
the  medium-and  high-speed  cams  4,  5.  The  sec- 
ond  and  third  cam  followers  8,  9  are  held  in  sliding 
contact  with  the  medium-and  high-speed  cams  4, 
5,  respectively  and  the  first  cam  follower  7  which 
engages  both  of  the  intake  valves  1a,  1b  slidingiy 
contacts  the  low-speed  cam  3.  The  intake  valves 
1a,  1b  are  controlled  in  different  speed  ranges  by 
the  mechanism  shown  in  FIGS.  4  to  6.  In  the  low- 
speed  range,  the  intake  valves  1a,  1b  are  operated 
by  the  low-speed  cam  3.  In  the  medium-speed 
range,  the  intake  valves  1  a,  1  b  are  operated  by  the 
medium-speed  cam  4.  In  the  high-speed  range,  the 
intake  valves  1a,  1b  are  operated  by  the  high- 
speed  cam  5. 
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present  regarded  as  being  essential  to  the  perfor- 
mance  of  the  present  invention,  and  that  any  one 

.or  more  of  such  features  or  combinations  thereof 
may  therefore  be  included  in,  added  to,  omitted 
from  or  deleted  from  any  of  such  claims  if  and 
when  amended  during  the  prosecution  of  this  ap- 
plication  or  in  the  filing  or  prosecution  of  any  di- 
visional  application  based  thereon. 

ing  said  valves,  said  means  including  means  for 
operating  the  valves  selectively  in  a  low-speed 
range  with  said  low-and  high-speed  cams. 

5.  A  valve  operating  mechanism  according  to 
5  claim  1,  wherein  said  three  cams  include  low-and 

medium-speed  cams  and  said  high-speed  cam, 
said  medium-speed  cam  being  positioned  between 
said  low-and  high-speed  cams,  said  cam  followers 
including  two  cam  followers  slidably  engaging  said 

io  low-and  high-speed  cams,  respectively,  for  operat- 
ing  said  valves,  said  means  including  means  for 
operating  the  valves  selectively  in  a  low-speed 
range  with  said  low-and  high-speed  cams. 

6.  A  valve  operating  mechanism  according  to 
75  claim  i,  wherein  said  three  cams  include  two  iden- 

tical  low-speed  cams  and  said  high-speed  cam, 
said  low-speed  cams  being  positioned  adjacent  to 
each  other,  said  cam  followers  including  two  cam 
followers  slidably  engaging  said  low-speed  cams, 

20  respectively,  for  operating  said  valves,  said  means 
including  means  for  operating  the  valves  selectively 
in  a  low-speed  range  with  said  low-speed  cams. 

7.  A  valve  operating  mechanism  according  to 
claim  1,  wherein  said  three  cams  include  low-and 

25  medium-speed  cams  and  said  high-speed  cam, 
said  low-speed  cam  being  positioned  between  said 
medium-and  high-speed  cams,  said  cam  followers 
including  a  cam  follower  slidably  engaging  said 
low-speed  cam  for  operating  said  valves,  said 

30  means  including  means  for  operating  the  valves 
selectively  in  a  low-speed  range  with  said  low- 
speed  cam. 

8.  A  valve  operating  mechanism  according  to 
claim  1,  wherein  said  three  cams  include  low-and 

35  medium-speed  cams  and  said  high-speed  cam, 
said  medium-speed  cam  being  positioned  betwen 
said  low-and  high-speed  cams,  said  cam  followers 
including  a  cam  follower  slidably  engaging  said 
low-speed  cam  for  operating  said  valves,  said 

40  means  including  means  for  operating  the  valves 
selectively  in  a  low-speed  range  with  said  low- 
speed  cam. 

9.  A  valve  operating  mechanism  according  to 
claim  1,  wherein  said  three  cams  include  two  dif- 

45  ferent  low-speed  cams  and  said  high-speed  cam, 
said  low-speed  cams  being  positioned  adjacent  to 
each  other,  said  cam  followers  including  two  cam 
followers  slidably  engaging  said  low-speed  cams, 
respectively,  for  operating  said  valves,  said  means 

so  including  means  for  operating  the  valves  selectively 
in  a  low-speed  range  with  said  low-speed  cams. 

10.  A  valve  operating  mechanism  according  to 
claim  1,  wherein  said  three  cams  include  low-and 
medium-speed  cams  and  said  high-speed  cam, 

55  said  medium-speed  cam  being  positioned  between 
said  low-and  high-speed  cams,  said  cam  followers 
including  two  cam  followers  slidabiy  engaging  said 
low-and  medium-speed  cams,  respectively,  for  op- 

Claims 

1  .  A  valve  operating  mechanism  for  operating  a 
plurality  of  valves  of  an  internal  combustion  engine, 
comprising: 
a  camshaft  rotatable  in  synchronism  with  rotation  of 
the  internal  combustion  engine  and  having  an  array 
of  three  cams  including  a  high-speed  cam  posi- 
tioned  at  one  end  of  said  array; 
three  cam  followers  held  in  sliding  contact  with  said 
cams,  respectively,  for  operating  the  valves  accord- 
ing  to  cam  profiles  of  said  cams;  and 
means  for  selectively  interconnecting  and  discon- 
necting  said  cam  followers  to  operate  the  valves  at 
different  valve  timings  in  different  speed  ranges  of 
the  internal  combustion  engine,  said  speed  ranges 
including  a  high-speed  range  in  which  all  of  the 
valves  are  controlled  by  the  cam  profile  of  said 
high-speed  cam. 

2.  A  valve  operating  mechanism  according  to 
claim  1,  wherein  said  three  cams  include  low-and 
medium-speed  cams  and  said  high-speed  cam, 
said  medium-speed  cam  being  positioned  between 
said  low-and  high-speed  cams,  said  cam  followers 
including  two  cam  followers  slidably  engaging  said 
low-and  medium-speed  cams,  respectively,  for  op- 
erating  said  valves,  said  means  including  means 
for  operating  the  valves  selectively  in  a  low-speed 
range  with  said  low-and  medium-speed  cams. 

3.  A  valve  operating  mechanism  according  to 
claim  1,  wherein  said  three  cams  include  low-and 
medium-speed  cams  and  said  high-speed  cam, 
said  low-speed  cam  being  positioned  between  said 
medium-and  high-speed  cams,  said  cam  followers 
including  two  cam  followers  slidably  engaging  said 
low-and  medium-speed  cams,  respectively,  for  op- 
erating  said  valves,  said  means  including  means 
for  operating  the  valves  selectively  in  a  low-speed 
range  with  said  low-and  medium-speed  cams. 

4.  A  valve  operating  mechanism  according  to 
claim  1,  wherein  said  three  cams  include  low-and 
medium-speed  cams  and  said  high-speed  cam, 
said  low-speed  cam  being  positioned  btween  said 
medium-and  high-speed  cams,  said  cam  followers 
including  two  cam  followers  slidably  engaging  said 
low-and  high-speed  cams,  respectively,  for  operat- 
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low-speed  cam  for  operating  said  valves,  said 
means  including  means  for  operating  the  valves 
selectively  in  a  low-speed  range  with  said  low- 
speed  cam  and  in  a  medium-speed  range  with  said 
medium-speed  cam. 

16.  A  valve  operating  mechanism  according  to 
claim  1,  wherein  said  three  cams  include  low-and 
medium-speed  cams  and  said  high-speed  cam, 
said  medium-speed  cam  being  positioned  between 
said  low-and  high-speed  cams,  said  cam  followers 
including  a  cam  follower  slidably  engaging  said 
low-speed  cam  for  operating  said  valves,  said 
means  including  means  for  operating  the  valves 
selectively  in  a  low-speed  range  with  said  low- 
speed  cam  and  in  a  medium-speed  range  with  said 
medium-speed  cam. 

17.  A  valve  operating  mechanism  according  to 
claim  1,  wherein  said  three  cams  include  two  dif- 
feren.t  .low-speed  cams  and  said  high-speed  cam, 
said  low-speed  cams  being  positioned  adjacent  to 
each  other,  said  cam-followers  including  two  cam 
followers  slidably  engaging  said  low-speed  cams, 
respectively,  for  operating  said  valves,  said  means 
including  means  for  operating  the  valves  selectively 
in  a  low-speed  range  with  said  low-speed  cams 
and  in  a  medium-speed  range  with  one  of  said  low- 
speed  cams. 

erating  said  valves,  said  means  including  means 
for  operating  the  valves  selectively  in  a  low-speed 
range  with  said  low-and  medium-speed  cams  and 
in  a  medium-speed  range  with  said  low-and  high- 
speed  cams. 

1  1  .  A  valve  operating  mechanism  according  to 
claim  1,  wherein  said  three  cams  include  low-and 
medium-speed  cams  and  said  high-speed  cam, 
said  low-speed  cam  being  positioned  between  said 
medium-and  high-speed  cams,  said  cam  followers 
including  two  cam  followers  slidably  engaging  said 
low-and  medium-speed  cams,  respectively,  for  op- 
erating  said  valves,  said  means  including  means 
for  operating  the  valves  selectively  in  a  low-speed 
range  with  said  low-and  medium-speed  cams  and 
in  a  medium-speed  range  with  said  medium-and 
high-speed  cams. 

12.  A  valve  operating  mechanism  according  to 
.  claim  1  ,  wherein  said  three  cam  include  low-and 

medium-speed  cams  and  said  high-speed  cam, 
said  low-speed  cam  being  positioned  between  said 
medium-and  high-speed  cams,  said  cam  followers 
including  two  cam  followers  slidably  engaging  said 
low-and  high-speed  cams,  respectively,  for  operat- 
ing  said  valves,  said  means  including  means  for 
operating  the  valves  selectively  in  a  low-speed 
range  with  said  low-and  high-speed  cams  and  in  a 
medium-speed  range  with  said  medium-and  high- 
speed  cams. 

13.  A  valve  operating  mechanism  according  to 
claim  1,  wherein  said  three  cams  include  low-and 
medium-speed  cams  and  said  high-speed  cam, 
said  medium-speed  cam  being  positioned  between 
said  low-and  high-speed  cams,  said  cam  followers 
including  two  cam  followers  slidably  engaging  said 
low-and  high-speed  cams,  respectively,  for  operat- 
ing  said  valves,  said  means  including  means  for 
operating  the  valves  selectively  in  a  low-speed 
range  with  said  low-and  high-speed  cams  and  in  a 
medium-speed  range  with  said  medium-and  high- 
speed  cams. 

14.  A  valve  operating  mechanism  according  to 
claim  1  ,  wherein  said  three  cams  include  two  iden- 
tical  low-speed  cams  and  said  high-speed  cam, 
said  low-speed  cams  being  positioned  adjacent  to 
each  other,  said  cam  followers  including  two  cam 
followers  slidably  engaging  said  low-speed  cams, 
respectively,  for  operating  said  valves,  said  means 
including  means  for  operating  the  valves  selectively 
in  a  low-speed  range  with  said  low-speed  cams 
and  in  a  medium-speed  range  with  one  of  said  low- 
speed  cams  and  said  high-speed  cam. 

15.  A  valve  operating  mechanism  according  to 
claim  1,  wherein  said  three  cams  include  low-and 
medium-speed  cams  and  said  high-speed  cam, 
said  low-speed  cam  being  positioned  between  said 
medium-and  high-speed  cams,  said  cam  followers 
including  a  cam  follower  slidably  engaging  said 
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